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deduced from the observations of W. H. Bacon, Cunard steamer 
Scythia," all by W. A. Rogers. 

CHEMISTRY. 

Rotary power of glucose and grape sugar — H. W. Wiley. 

Actinism — A. R. Leeds. 

The occurrence of oxide of antimony in extensive lodes in Se- 
nora — Mexico. 

Convenient scale and apparatus in gas analysis — E. W. Morl<y. 

On the constitution of tartrates of antimony — F. W. Clarke. 

Action of sunlight on glass — Thomas Gaffield. 

Near ratio of oxygen to nitrogen in the atmosphere— E. W. 
Morley. 

SUBSECTION MICROSCOPY. 

"Microscopic studies in Central Florida," C. C. Merriam ; 
" The errors of a few English, French and American stage micro- 
meters," William A. Rogers ; "Apparatus used in photographing 
microscopical objects." Samuel Wells; "A new freezing micro- 
tome," William Hailes ; " Microscopical investigations of the 
Havana yellow fever," George M. Sternberg; "Permanent mi- 
croscopic preparations of Amphibian blood corpuscles," S. H. 
Gage; "Permanent microscopic preparations of Plasmodium," 
S. H. Gage. 

BIOLOGY. 

" Comparative anatomy as a part of the medical curriculum," 
Harrison Allen ; " Distinguishing species of Populus and Juglans 
by the young naked branches,' W.J. Beal ; " Observations on 
Japanese Brachiopoda, " E. S. Morse; "An investigation of the 
j each yellows," B. D. Halsted; " Incomplete adaptation as illus- 
trated by the history of sex in plants," L. F. Ward ; " Evolution 
ci parasitic plants," Thomas Meehan ; " Anthrax of fruit trees, or 
the so-called tire-blight of the pear and twig-blight of the apple 
tree," T. J. Burrill; " Further notes on the pollination of Yucca, 
and on Pronuba and Prodoxus," C. V. Riley; " Fossil Dinoce- 
rata in the E. M. Museum at Princeton, N. J.," F. C. Hill; 
" Origin and Succession of Felidae," E. D. Cope; " Preservation 
of fossil insects and plants at Malon Creek," J. W. Pike; " Me- 
nobranchus lateralis,' P. R. Hoy. 

GEOLOGY. 

Before the geologists were presented ten essays ; " The Cupri- 
ferous series in Minnesota," N. H. Winch ell ; " The excavation 
of the upper basin and clove of the Kaaterskill, Catskill Moun- 
tains, N. Y.," Alexis A. Julian ; " Progress of geologiol investi- 
gation in New Brunswick, 1870-1880," L. W. Bailey; " The ter- 
tiary age of the iron ores of the lower Silurian limestone valleys," 
H. C. Lewis ; " Note on the Turquoise localities of Los Cerillos," 
B. Silliman ; ' ' Los Cerillos, New Mexico, an area ot recent erup- 
tive rocks with mineral veins," B. Silliman ; " Iron mines of Ore 
Hill, Conn., and vicinity, and the making of pig iron," W. A. 
Stearns; "Law of land forming on our globe," Richard Owen ; 
" Karnes and eskors in Maine," George H. Stone; " Occurrence 
of tin ore at Winslow, Me.," C. H. Hitchcock. 

ANTHROPOLOGY. 

The anthropologists met to listen to the fol'owing essays : "Eth- 
nology of Africa, illustrated by a large manuscript map," A. S. 
Bickmore ; " Myths and folk lore of the Iroquois," Erminn.;; A. 
Smith ; " Prehistoric altars of Whiteside county, Illinois," W. C. 
Holbrook; " Theory of primitive democracy in the Alps," D. W. 
Ross ; " Ancient mounds in the vicinity of Naples, Illinois, Pt. II. 
Illustrated with skulls, pipes, copper axes, bone implements and 
other articles from the mounds," J. G. Henderson ; " The mounds 
of Illinois," William McAdams ; " Prehistoric and early types of 
Japanese pottery," E. S. Morse. 

In the evening Mr. Alexander Gaham Bell brought b- fore the 
Association his recent discovery of the Photophone, and researches 
with Mr. Sumner Tainier in the production and reproduction of 
sound by means of light. 

Saturday, August 28th. 

In general session a few new members were electtd, and on 
motion of Professor Ormond Stone, the standing committee of the 
Association was instructed to refer the subject of standard time to 
a special committee. In section A a sub-section H of mathematics 
and astronomy was organized with Mr. Simon Newcomb, of Wash- 
ington, as chairman, and Mr. Winslow Upton, of Washington, as 
Secretary. 

The following papers were also read in the various sections and 
bj-sections. 

PHYSICS. 

"On the present condition of musical pitch in Boston and vicin- 
ity," Charles R. Cross and William T. Miller ; " The Co-efficient 
of expansion of gas solutions," from the Mt ssrs. E. L. Nichols 
and A. W. Wheeler, and "The new action of magnetism on a 
permanent electric current," by Mr. E. H. Hall ; the latter being 
among the most important papers, theoretically considered, ever 
contributed by an American tj the science of physics. Then came 
" A simple device for projecting vibrations of a liquid him without 
a lens," by H. S. Carhart ; " Observations on some recent hail- 
storms in North Carolina," by f. R. Blake; and " Results of a 
magnetic survey of Missouri," by Francis E. Nipher. 



MATHEMATICS AND ASTRONOMY. 

" The solar parallax for meridian obs»rvation of Mars in 1877," 
by J. R. Eastman ; "A note on zodiacal light," by H. C. Lewis, 
and a " Tidal theory of the forms of comets." 
CHEMISTRY. 

" On a solution of ferric gallate and ferric oxalate as a reagent 
for quantitive analysis of ammonia," N. B. Webster. 

"Description of new substituted acrylic acids," C. F. Malberry. 

" The valuation of indigo," L. M. Norton. 

" The soil supply of nitrogen forplants," W. O. Atwater. 

" Incrustations iormed in piDes used in gas wells," H. L. Nason. 

" A modification of Bertier's process for the valuation of coal," 
Charles E. Monroe. 

" Observation on the temperature and chemical character of 
Mystic Lake, Mass," W. R. Nichols. 

MICROSCOPY. 

" On the limits of visibility with the microscope," A. E. Dolhear. 

" Minute anatomy of the human Larnyx^' Carl Seiler. 

" Infusoria found in fresh ponds," S. P. Sharpies. 
NATURAL HISTORY. 

" Endo-cranium and the maxillary suspensorium of the bee," 
G. Macloskie. 

" Tongue in snakes and birds," C. S. Minot. 

The age of the copper bearing rocks of Lake Superior, M. E. 
Wadsworth. 

Structure and nomenclature of the brain, with special reference 
to that of the cat, Burt. G. Wilder (three papers). 

Plan of the cerebro-spinal nervous system, S. V. Clevenger. 

ANTHROPOLOGY. 
Aboriginal pottery and stone implements, S. S. Holdeman. 
Rude argillite implements, C. C. Abbott. 
The Dacotah tribes, H. B. Carruiton. 

Discoveries in the Mammoth, Wyandot and Luray caves, H. 
C. Hovey. 

We propose to offer the readers of Science verbatim re- 
ports of the principal addresses, and lengthy abstracts of the 
leading papers, read before this important meeting of the 
Association, and will commence the series with that of the 

ADDRESS OF PROFESSOR GEORGE F. BARKER, 
THE RETIRING PRESIDENT OF THE ASSO- 
CIATION. 
Some Modern Aspects of the Life Question. 

The number of roots in our equation of life increases the difficulty of 
solving it, but by no means permits the acceptance of the lazy assump- 
tion that it is altogether insoluble or reduces a sagacious guess to the 
level of the prophecy of a quack.— HAUGHTON. 

Ladies and Gentlemen op the American Association 
for the Advancement of Science. 

The discovery of new truth is the grand object of scienti- 
fic work. The exultation of feeling which comes from the 
possession of a fact, which, now, for the first time, he 
makes known to men, must ever be the reward of the scien- 
tific worker. As investigators and as students of science 
we are met here to-day at this our annnual session. Each 
of us during the past year has been endeavoring to push 
outward further into the unknown, the boundary of present 
knowledge. When, therefjre, we thus meet together it is 
fitting that, from time to time, our attention should be called 
to the progress which ha.s been made along some one of the 
various lines of research, and to the milestones which mark 
the epoch of advance along the way which science has 
traveled. Moreover, we may profitably sum up at such 
times the work done in particular directions, and encourage 
ourselves with prospective and retrospective glances. In 
these summings up, however, a difficulty arises. The range 
of modern scientific thought includes an immense area. 
The field of knowledge is already so vast, that, seen from 
the vertical distance necessary to make a wide survey, that 
small portion of it which is familiar to any one individual 
is scarcely visible. In consequence, to use a mechanical 
figure, the solid contents of a man's acquirements being 
given, the depth thereof is inversely as the area covered. 
He, therefore, who undertakes to speak even for one single 
department of science distributes his stock of knowledge 
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over so broad a surface that in places it must be danger- 
ously thin. It is, therefore, with a very keen sense of the 
temerity involved in the undertaking, that I ask your atten- 
tion during the hour allotted me, to some points which ap- 
pear to me to have been recently gained in the discussion 
of the question of life. 

My friend and predecessor, Professor Marsh, opened his 
excellent address at Saratoga with the question " What is 
Life?" In a somewhat different sense I too ask the same 
question. But I fear it is only to echo his reply, " the an- 
swer is not yet." The result, however, cannot long be 
doubtful. " A thousand earnest seekers after truth seem 
to be slowly approaching a solution." And though the ig- 
nis fatuus of life still dances over the bogs of our misty 
knowledge, yet its true character cannot finally elude our 
investigation. The progress already made has hemmed it 
in on every side ; and the province within which exclu- 
sively vital acts are now performed, narrows with each year 
of scientific research. 

What now are we to understand by the word " Life " in 
this discussion ? A noteworthy parallel is disclosed in the 
progress of human knowledge between the ideas of life and 
of force. Both conceptions have advanced, though not with 
equal rapidity, from a stage of complete separability from 
matter to one of complete inseparability. Life is now uni- 
versally regarded as a phenomenon of matter, and hence of 
course, as having no separate existence. But there still 
exists a certain vagueness in the meaning of the term " life." 
Two distinct senses of this word are in use ; the one meta- 
physical, the other physiological. The former, synonomous 
with mind and soul, at least in the higher animals, has been 
evolved from human consciousness ; the latter has arisen 
from a more or less careful investigation of the phenomena 
of living beings. It need scarcely be said that it is in the 
sense last mentioned that the word " life " is used in science. 
The conception represents simply the sum of the phen- 
omena exhibited by a living being. 

Moreover, the progress which has been made in the solu- 
tion of the life-question has been gained chiefly by inves- 
tigation of special functions. But the functions of a vital 
organism are themselves vital. What then is the meaning 
of "vital" as applied to a function? Fortunately the an- 
swer is not difficult. " Life," says Kiiss, the distinguished 
Strasbourg physiologist, " is all that cannot be explained by 
chemistry or physics." Guided by such a definition the 
work of the physiological investigator is simple. He has 
only to test each separate operation which he finds going 
on in the organism and to declare whether it be chemical or 
physical. If it be either, then since each function is non- 
vital, the entire organism must be non-vital also. Hun- 
dreds of able investigators, provided with the most effective 
appliances of research, are now in full cry after the life prin- 
ciple. Naturally, a vast amount of collateral knowledge is 
accumulated in the process. The quantitative as well as 
the qualitative relations of things are fixed, and many im- 
portant facts are collected. 

With the object in view thus clearly defined, we are not 
surprised that great progress has been made. A vital pro- 
cess, like the catalytic ones of the older chemistry, was 
found by such research to be simply a process which, for 
want of sufficient investigation, is not yet understood. 
While therefore, undoubtedly, much work yet remains to 
be done in the realm still called vital, the prophetic vision 
is already bright which will witness the last traces of inex- 
plicable phenomena vanish and the words expressing them 
relegated to the limbo of the obsolete. 

As a first result of recent work, the living organism has 
been brought absolutely within the action of the law of the 
Conservation of Energy. Whether it be plant or animal, 
the whole of its energy must come from without itself 
being either absorbed directly or stored up in the food. 
An animal, like a machine, only transforms its energy. 
Lavoisier's guinea-pig, placed in the calorimeter, gave as 
accurate a heat-return for the energy it had absorbed in its 
food, as any thermic engine would have done. But the 
parallel goes further. The mechanical work of an engine 
is measured by the loss of its heat and not of its substance. 
So the mechanical or intellectual work of a living being is 
measured by the amount of food rather than the amount of 
tissue which is burned. The energy evolved daily by the 
human body would raise it to a height of about six miles. 



But beside heat, work may be the out come of the organ- 
ism ; and this through the agency of the muscles. Their 
absolute obedience to mechanical law in their mode of ac- 
tion has been admirably established by Haughton. The 
work a muscle does, it does in contracting. It is to the 
mechanism of muscle-contraction that we are indebted for 
another illustration of our subject. 

When work is done by a muscle in contracting, three 
changes are observed to take place in its tissue. First, 
there is a loss of its electric tension; second, there is an 
evolution of heat in it ; and third, carbon dioxide appears 
there, and its reaction, before neutral, becomes acid. 

Matteucci was the first to observe and to call attention to 
the remarkable similarity in structure and in the mechanism 
of operation, between striated muscular fibre and the elec- 
tric organ of certain fishes. Recently, Marey has repeated 
and extended his observations. In structure, the electric 
organ is made up, like the muscle, of columnar masses 
each separable transversely into vesicular sections. In a 
torpedo weighing seventy-three pounds, there were 1182 of 
these columns, with 150 sections, on an average, in each, 
In the muscles which bend the fore-arm, there are 798,000 
ribrillae. As to the mechanism, alike in muscle and in 
electric organ, an electric current stimulates action on 
opening and on closing the circuit, but not when it is flow- 
ing ; the same phenomena takes place in both with the di- 
rect and with the inverse current ; both are reflex ; stimu- 
lation of the electric nerve produces discharge, as that of 
the motor nerve causes muscular shock ; an entire paral- 
ysis follows nerve-section ; curare paralyzes both ; and te- 
tanus results in both from rapid currents or from strych- 
nine. 

Still more striking analogies are furnished by the investi- 
gation of the susurrus or muscular sound, first noticed in 
1809 by Wollaston. This sound is produced by all mus- 
cles when in the state of contraction, the pitch of the note 
being not far from thirty vibrations per second. It is evi- 
dently only the intermittent discharge of the muscular fibre. 
A single excitation produces a muscular shock. As this 
production requires from eight to ten hundredths of a sec- 
ond, it is evident that if another stimulus be applied before 
the first has disappeared the two will coalesce ; and when 
twenty per second reach the muscle it becomes perma- 
nently contracted or tetanized. By means of a very sensi- 
tive myograph, Marey has found that in voluntary contrac- 
tion the motor nerves are the seats of successive acts, each 
of which produces an excitation of the muscle. In 1877, 
Marey examined similarly the discharge of the torpedo and 
found a most complete correspondence between it and 
muscular contraction. Since electric tension disappears 
from a muscle during contraction, is not the evidence con- 
clusive that muscular contraction, like the discharge of the 
electric organ of the torpedo, is an electrical phenomenon ? 

Granting electric discharges to be the cause of muscle-con- 
traction, what is its origin ? That it is not carried to the 
muscle by the nerves follows from the fact that a muscle 
will still contract when deprived of all its nerve-fibres. It 
must therefore be generated within the muscle itself. To 
reach a solution of the problem we must obviously follow 
the analogies of its production elsewhere. 

Perhaps no single question in physics has been more 
keenly discussed than this one of the origin of electric charge. 
The memorable conflict between Galvani and Volta, between 
animal electricity and the electricity of metallic contact, suc- 
ceeded by the even more triumphant overthrow of the latter 
and the establishment ultimately by Faraday, of the electro- 
chemical theory ; these are facts fresh in all our memories. 
The justice of time however in this case, if it has been tardy, 
has been none the less sure. The experiments of Thomson 
have vindicated Volta and established the contact theory as 
a vera causa. And more curiously still, it now appears to 
be proved that both contact and chemical action underlie 
the production of that very animal electricity so stoutly bat- 
tled for by Galvani and his associates. 

Volta's experiments to prove that a difference of potential 
is developed by the contact of two heterogeneous metals 
were not crucial. But Thomson, repeating them with the 
aid of more delicate apparatus, has shown that whenever 
copper and zinc are brought in contact, the copper becomes 
negative to the zinc. In proof that the chemical action of 
atmospheric moisture was not the cause of the phenomenon, 
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he showed that when a drop of water served to connect the 
copper and the zinc, no charge at all was produced. The 
fact may therefore be regarded as established, as the result 
of numerous and varied experiments, that a difference of 
electrical potential is always developed at the surfaces of 
contact of heterogeneous media. Not only is this true of 
solids in contact with solids, but also of solids with liquids, 
and of liquids in contact with each other. Of course the 
production of electricity by contact must result from a loss 
of energy elsewhere. In the opinion of Cumming, it is the 
loss of energy which is owing to the unsymmetrical swing- 
ing of the molecules on the two sides of the surfaces of con- 
tact, which reappears as difference of potential between the 
solids or as the energy of electrical separation-. 

But we may carry the sequence yet another step backward. 
The energy which is thus lost at the surfaces of separation 
must be heat, and this junction must be cooled thereby. 
Thus the production of thermo-electricity is seen only to be 
a special case of a general law, a view to which the well- 
known Peltier effect gives support. In this phenomenon, 
when two metals are joined together in the form of a ring 
and one junction is heated, a current is produced which 
cools the other junction. From a study of these conditions, 
Thomson has concluded that the absorption of heat in a 
thermo-electric circuit varies for different metals with the 
direction of the current. Thus in iron, the current from hot 
to cold absorbs heat, while in copper the current which ab- 
sorbs heat is from cold to hot. In entire accordance with 
these results, are the conclusions recently reached by Hoor- 
weg. Whenever two conductors come into contact, motion 
of heat results in the development of electricity, the current 
produced existing at the cost of heat at one part of the point 
of contact, and evolving heat at the other for a result. Hence 
all voltaic currents are thermo-currents. 

To return to the muscle, it must now be apparent that the 
electrical charge which appears in its fibre may have its ori- 
gin in so purely a physical cause as the contact of the hetero- 
geneous substances of which the tissue is built up ; the 
maintenance of this charge being effected by chemical changes 
going on constantly in the substance of the muscle, by which 
the carbon dioxide is produced, which is shown to be a 
measure of the work done. 

Conceding now, that muscular contraction is of the nature of 
an electric discharge, by what mechanism is the contraction 
effected ? A string of electrical masses, like a muscular fibril, 
would seem at first to oppose the view now advauced. Such a 
row of particles would indeed attract each other when elec- 
trified, and shorten the length of the whole. But the force 
of contraction would increase as the length diminished ; 
whereas the fact in the case of the muscle is precisely the 
reverse. Two theories have been advanced to account for 
the result. The first, proposed by Marey, likens the mus- 
cular fibre to a string of india-rubber which, when stretched, 
contracts upon the application of heat, thus transforming 
heat directly into work. The other, brought forward and 
strongly supported by Radcliffe, explains contraction by 
direct electric charge. Each fibre of the muscle, together 
with its sheath, constitutes a veritable condenser, the charge 
upon the exterior being positive, and upon the interior nega- 
tive. When a charge is communicated to the fibre, lateral 
compression results from the attraction of the electricities 
of opposite name, and since the volume remains constant, 
elongation is the consequence — precisely as a band of 
caoutchouc, having strips of tin-foil upon its sides, may be 
shown to elongate when charged like a condenser. In this 
view of the matter the normal condition of the muscle is 
one of charge, of elongation. Contraction results from the 
simple elasticity of the muscle itself, the function of the 
nerve being only that of a discharger. Whether this theory 
represents the actual fact or not, in all its details, it is sup- 
ported by the existence of rigor mortis, by the continued re- 
laxation of muscle during the flow of the current, by the 
cessation of contraction on the free access of blood, and 
by many other phenomena otherwise difficult to explain. 

From this brief review, does it not seem probable that 
the phenomenon of muscular contraction may be satisfac- 
torily accounted for without the assumption of "vital irri- 
tability," so long invoked ? May it not be conceded that 
the theory that muscular force has a purely physical origin 
is at least as probable as the vital theory ? 



Time would fail me to discuss the many other phenomena 
of the living body which have been found, on investigation, 
to be non-vital. Digestion, which Prout said it was im- 
possible to believe was chemical, is now known to take 
place as well without the body as within it, and to result 
from non-vital ferments. Absorption is osmotic, and its 
selective power resides in the structure of the membrane 
and the diffusibility of the solution. Respiration is a 
purely chemical function. Oxyhemoglobin is formed 
wherever haemoglobin and oxygen come in contact, and 
the carbon dioxide of the serum exchanges with the oxy- 
gen of the air according to the law of gaseous diffusion. 
Circulation is the result of muscular effort both in the 
heart and the capillaries, and the flow which takes place is 
a simple hydraulic operation. Even coagulation, so tena- 
ciously regarded as a vital process, has been shown to be 
purely chemical, whether we adopt the hypothesis of Schmidt 
that it results from the union of two proteids, fibrinogen 
and fibrinoplastic substance, or the later theory of Ham- 
marsten that fibrin is produced from fibrinogen by the ac- 
tion of a special ferment. 

One function yet remains which cannot be altogether 
omitted from our consideration. This function is that of 
the nervous system. In structure, this system is well known 
to us all. In composition, it is made up essentially of a 
single substance, discovered by Liebreich and called pro- 
tagon, the specific characters of which have lately been 
confirmed by Gamgee. In function, the nerve- cell and the 
nerve-fibre are occupied solely in the reception and the 
transmission of energy, which is in all probability electri- 
cal. There is evidently a close analogy between the nerve 
and the muscle, the axis cylinder like the fibrilla being 
composed of cells, and having a positive electric charge 
upon the exterior surface, which has a tension of one-tenth 
of a volt. Haughton attributes tinnitus aurittm to the dis- 
charge of nerve-cells. 

The only objection raised to the electrical character of 
nerve-energy is based upon its slow propagation. Though 
thirty years ago Johannes Milller predicted that the velocity 
ot nerve-transmission never could be measured, yet Helm- 
holtz accomplished the feat very soon afterward. His re- 
sults, like those of subsequent experimenters, show that 
the velocity of propagation of the nervous influence along 
a nerve, like that of electric transmission, is only about 26 
to 29 metres in a second. But it should be borne in mind, 
as Lovering has pointed out, that electricity has no velocity, 
in any proper sense. That since the appearance of an 
electrical disturbance at the end of a conductor depends 
upon the production of a charge, the time of this appear- 
ance will be a joint function of the electrostatic capacity of 
the conductor and of its resistance. Since each of these 
values is directly proportional to length, it follows that the 
time of transmission will vary as the square of the length 
of the conductor. While therefore, in Wheatstone's ex- 
periment, he found that electricity required rather more 
than one-millionth ot a second to pass through one-quarter 
of a mile of wire, it does not follow that it would traverse 
288,000 miles in one second, as he assumed. Indeed, as 
Lovering has shown, its actual velocity would be only 268 
miles in an entire second. Hence the marvellous dis- 
crepancies which have been observed in the results of ex- 
periments made to determine the velocity of electricity on 
long wires are explained. 

In the nerve itself, therefore, the velocity of transmission 
may be supposed to be the less as its resistance is greater. 
Now, Weber has shown that animal tissues in general have 
a conductivity only one fifty-millionth of that of copper. 
And Radcliffe found that a single inch of the sciatic nerve 
of a frog measured 40,000 ohms ; a resistance eight times 
that of the entire Atlantic cable. In experimenting to con- 
firm the above law of velocity, Gaugain measured the time 
of transmission of the electric current through a cotton 
thread 1.65 metres long and found it to be eleven seconds. 
Two similar threads placed consecutively, thus forming a 
conductor twice as long, required forty-four seconds for 
the passage of the current ; or four times as long. From 
these data the velocity in the short thread is at the rate of 
only 0.15 metre in one second ; and in the long one only 
about half this rate, of course. Hence the fact that the 
energy of nerve moves at the rate of only 28 metres per 
second is really no proof that it is not electricity. 
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The higher functions of the nerve-cell, those connected 
with mental processes, is a field too vast to be entered at 
this time. The double telegraph line of nerve, motor and 
sensor in their effect, but, as Vulpian has proved, precisely 
alike in function, are the avenues of ingress and egress. 
Every sensory impression is received by the thalami optici ; 
every motor stimulus is sent out from the corpora striata. 
In the acts denominated reflex, the action goes from the 
spinal cord and is automatic and unconscious. Should the 
impression ascend higher to the sensory ganglia, the action 
is now conscious though none the less automatic. Finally, 
should deliberation be required before acting, the message 
is sent to the hemispheres by the sensory ganglia and will 
operates to produce the act. Based on principles which 
can be established by investigation, a true psychology is 
coming into being, developed by Bain Maudsley, Spencer 
and others. A physiological classification of mental oper- 
ations is being formed which uses the terms of metaphysical 
psychology, but in a more clearly defined sense. Emotion, 
in this new science, is the sensibility of the vesicular neurin 
to ideas. Memory, the registration of stimuli by nutrition. 
Reflection is the reflex action of the cells in their relation 
to the cerebral ganglia. Attention is the arrest of the trans- 
formation of energy for a moment. Ratiocination is the 
balancing of one energy against another. Will is the 
reaction of impressions outward. And so through the 
list. 

Among the physical aspects of the mind-question, the 
problem of the quantitative changes which take place in 
the organism is a very curious and interesting one. That 
the energy of the brain comes from the food will be dis- 
puted by no one in these days. Hence, the brain must act 
like a machine and transform energy. There is then a 
purely physiological representation of mental action, con- 
cerned with forces which are known and measurable. The 
researches of Lombard long ago showed the concomitant 
heat of mental action. Recent researches are equally in- 
teresting, which show that mental operations are not in- 
stantaneous but require a distinct time for their perform- 
ance. By accurate chronographic measurement, Hirsch has 
shown that an irritation on the head is answered by a signal 
with the hand only after one-seventh of a second ; that a 
sound on the ear is indicated by the hand in one-sixth of a 
second ; and that when light irritates the eye, one-fifth of a 
second elapses before the hand moves. The mechanism of 
such a process is the following : Suppose the sound 
" A " is heard by the ear. After a latent period it is trans- 
lated to some nerve cells and hence to the brain. From 
the brain it goes to other cells, ganglion cells, and to other 
nerves, and then to the different muscles of the chest and 
larnx, and then follows the audible response " A." Now 
since this whole process requires only one-sixth of a second, 
the question arises, how much of it is psychical. To an- 
swer it, the experiment is repeated but with this difference, 
that the particular sound to be used is unknown to 
the experimenter. Before the sound can be repeated by 
him therefore, a distinct act of discrimination is required, 
and the time taken is longer. Calling the time in the 
first experiment a, and in the second b, the difference b — 
o is the time required for two distinct actions : one, that 
of distinguishing the sound, and the other, that of will- 
ing the corresponding movement. If now it be agreed 
that only the sound "A" shall be responded to when 
called, these may be separated since no other sound being 
responded to the latter action is eliminated. If the time 
now required be called c, the difference c — a represents the 
time required for forming a judgment, and c — b the time 
required for a volition. In making these measurements, 
Donders used an instrument devised by him, called a 
noSmotachograph and also a modification of it called a 
noemotachometer. By these instruments different points 
of the body can be irritated, different sounds can be pro- 
duced, and different color or letters can be shown, all by 
the electric spark. By subtracting the simple physiological 
time from the time given in any experiment, the time neces- 
sary for recognition may be obtained. By an addition to 
the apparatus, a second stimulus may be made to follow the 
first, either on the same or on a different sense ; thus enab- 
ling the time necessary for a simple thought to be deter- 
mined. As a result of his experiments, Donders found 
that the value b — a in the case of a simple dilemma was 



seventy-five thousandths of a second, this being the time 
required for recognition and subsequent volition. In the 
same way c — a has been shown to be forty-thousandths 
of a second, being the time required for simple 
recognition ; there is left thirty-five thousandths of a 
second as the time required for volition. Moreover, by 
independent measurement with the noemotachometer, ex- 
actly the same time, one twenty-fifth of a second, is found 
necessary to enable a judgment to be formed about the 
priority of two impulses acting on the same sense. If they 
act on different senses, more time is necessary. So also 
more time is required to recognize a letter by seeing its form 
than by hearing its sound. A man of middle age then, 
thinking not so very quickly, requires one twenty-fifth of a 
second for a simple thought. 

Another important fact concerning nervous action is that 
its amount may be measured by the quantity of blood con- 
sumed in its performance. Dr. Mosso of Turin has de- 
vised an apparatus called the Plethysmograph — drawings of 
which were exhibited at the London Apparatus Exhibition 
of 1876 — designed for measuring the volume of an organ. 
The fore-arm, for example, being the organ to be experi- 
mented on, is placed in a cylinder of water and tightly en- 
closed. A rubber tube connects the interior of the cylinder 
with the recording apparatus. With the electric circuit by 
which the stimulus was applied to produce contraction, were 
two keys, one of which was a dummy. It was noticed that, 
after using the active key several times, producing varying 
current strengths, the curve sank as before on pressing 
down the inactive key. Since no real effect was produced, 
the result was caused solely by the imagination, blood 
passed from the body to the brain in the act. To test fur- 
ther the effect of mental action, Dr. Pagliani, whose arm 
was in the apparatus, was requested to multiply 267 by 8, 
mentally, and to make a sign when he had finished. The 
recorded curve showed very distinctly how much more 
blood the brain took to perform the operation. Hence the 
plethysmograph is capable of measuring the relative amount 
of mental power required by different persons to work out 
the same mental problem. Indeed Mr. Gaskell suggests 
the use of this instrument in the examination room, to find 
out, in addition to the amount of knowledge a man posses- 
ses, how much effort it causes him to produce any particular 
result of brain-work. Dr. Mosso relates that while the 
apparatus was set up in his room in Turin, a classical man 
came in to see him. He looked very contemptuously upon 
it and asked of what use it could be, saying that it couldn't 
do anybody any good. Dr. Mosso replied, "Well now, I 
can tell you by that whether you can read Greek as easily as 
you can Latin." As the classicist would not believe it, his 
own arm was put into the apparatus and he was given a 
Latin book to read. A very slight sinking of the curve was 
the result. The Latin book was then taken away and a 
Greek book was given him. This produced immediately, 
a much deeper curve. He had asserted before that it was 
quite as easy for him to read Greek as Latin and that there 
was no difficulty in doing either. Dr. Mosso, however, 
was able to show him that he was laboring under a delusion. 
Again, this apparatus is so sensitive as to be useful for 
ascertaining how much a person is dreaming. When Dr. 
Pagliani went to sleep in the apparatus, the effect upon the 
resulting curve was very marked indeed. He said after- 
ward that he had been in a sound sleep and remembered 
nothing of what passed in the room — that he had been ab- 
solutely unconscious ; and yet, every little movement in the 
room, such as the slamming of a door, the barking of a 
dog, and even the knocking down of a bit of glass, were 
all marked on the curves. Sometimes he moved his lips 
and gave other evidences that he was dreaming ; they were 
all recorded on the curve, the amount of blood required for 
dreaming diminishing that in the extremities. The emo- 
tions too left a record. When only a student came into the 
room, little or no effect appeared in the curve. But when 
Professor Ludwig himself came in, the arteries in the arm 
of the person in the apparatus contracted quite as strongly 
as upon a very decided electrical stimulation. 

In an address of the retiring President of this Associa- 
tion, delivered but a few years ago, I find this sentence : 
" Thought cannot be a physical force, because thought ad- 
mits of no measure." In the light of the rapid advances 
lately made in investigating mental action, we see that in 
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two directions at least, in its rate of action and of its rela- 
tive energ)', we may already measure thought, as we meas- 
ure any other torm of energy, by the effects it produces. 

Passing now to the consideration of the general question 
of the transiormation of energy which is effected by living 
beings, attention may be called to one or two points in gen- 
eral physics, as bearing upon its solution. The great law 
of the dissipation of energy, as modified by Thomson from 
the statement of Clausius, is thus stated : "The entropy of 
the universe tends to zero." In other words, the energy of 
the universe available for transmulation is approaching ex- 
tinction. This conclusion is based upon the fact that while 
every form of energy can be completely converted into heat, 
heat cannot be completely converted into other forms of 
energy, nor these into each other. Hence it arises that en- 
ergy is being gradually dissipated as heat. Moreover, since 
transformation can only result when heat passes irom a 
higher to a lower temperature, it follows that when that per- 
fect equilibrium of temperaiure is reached toward which 
events are tending, there can be no other energy than heat ; 
and this absolutely inconvertible, irrevocable. To apply 
this law to the present case, the muscle, for example, is a 
machine for transforming the energ)' of food into work.- 
Since, consequently, this conversion is not complete, it fol- 
lows that heat must appear as a necessary result of muscu 
lar action. The heat of animal life, consequently, is not 
heat especially provided ; it is simply the heat which inev- 
itably results from an incomplete conversion of energy. 

Again, the form of chemical action thus far assumed by 
physiologists fo account for the energy of the living animal 
has been combustion. But the science of thermo-chemistry, 
as developed in late years by Berthelot and Thomsen, has 
proved, that direct union of chemical substances may not 
only not evolve heat, but may actually absorb it. It ap- 
pears, too, that thermal changes accompany all forms of 
chemical change, those of decomposition and exchange as 
well as those of synthesis. The animal absorbs highly 
complex substances as food, capable of innumerable stages 
of retrogressive metamorphosis before elimination. In 
each of these stages heat is evolved, being the energy suc- 
cessively stored up by the plant when it repeated these 
stages in the inverse order. 

Another point of interest has reference to the modern 
views of capillarity. In 1838, J. W. Draper showed that 
capillarity is an electrical phenomena. Quite recently, 
Lippmann has developed and extended this view and fully 
confirmed it. Whenever the free surface of a liquid, curved 
by capillary action, is electrified it changes its form ; and 
conversely, when such a surface is made by mechanical 
means to change its form, an electromotive force is de- 
veloped. Based upon this principle Lippmann constructed 
a capillary reversible engine and an extremely sensi- 
tive capillary electometer. The former, when a current of 
electricity was applied to it, developed mechanical work 
and ran as a motor. When turned by hand, it became an 
electromotor. In the animal organism there are it is true 
but a few free surfaces where this action can take place. 
But Gore has shown that the same phenomenon appears 
between two liquids in contact, their boundary being al- 
tered in character by electrification. Indeed, when we con- 
sider the production of electricity by osmose, and of heat 
and electricity both, by imbibition, both capillary phenom- 
ena, the wonder is not that so much energy is evolved by 
the organism, but that it is so little. If the physical and 
chemical changes which take place within the body took 
place without it, there would be an abundant evolution of 
energy. Can we doubt that these changes are the cause of 
the energy exhibited by the organism ? 

Thus far, when we have spoken of a living being, we 
have had reference to the organism as a whole, and this of 
a rather complex kind. In this view of the case, however, 
we find that biological microscopists do not agree with us. 
" The cell alone," says Kiiss, " is the essentially vital ele- 
ment." Says Beale, — " There is in living matter nothing 
which can be called a mechanism, nothing in which structure 
can be discerned. A little transparent colorless material is 
the seat of these marvellous powers or properties which the 
form, structure and function of the tissues and organs 
of all living things are determined." And again, " How- 
ever much organisms and their tissues in their fully formed 
state may vary as regards the character, properties and 



composition of the formed material, all were first in the 
condition of clear, transparent, structureless, formless liv- 
ing matter." So Ranvier : " Cellular elements possess all 
the essential vital properties of the complete organism." 
And Allman, in his address as President of the British 
Association last year, is still more explicit. " Every living 
being," he says, "has protoplasm as the essential matter of 
every living element of its structure." " No one who con- 
templates this spontaneously moving matter can deny that 
it is alive. Liquid as it is, it is a living liquid ; organless 
and structureless as it is, it manifests the essential pheno- 
mena of life." " Coextensive with the whole of the organic 
nature — every vital act being referable to some mode or 
property of protoplasm, it becomes to the biologist what 
the ether is to the physicist." From these quotations it 
would seem that even in the highest animal there is noth- 
ing living but protoplasm or germinal matter " transparent, 
colorless, and, as far as can be ascertained by examination 
with the highest powers of the microscope, perfectly struc- 
tureless. It exhibits these same characters at every period 
of its existence." Neither the contractile tissue of the 
muscle, the axis-cylinder of the nerve, nor the secreting 
cell of the gland, is living, according to Beale. Hence it 
would be fair to draw the inference that no vital force 
should be required to explain the phenomena of the non- 
living matter of the body, such as the contraction of the 
muscle or the function of the nerve. If this be conceded it 
is a great point gained ; since the phenomenon of life be- 
comes vastly simplified when we have to account for it 
only as exhibited in this one single form of living matter, 
protoplasm. In describing its properties, Allman includes 
this remarkable mobility, these spontaneous movements, 
and says, "They result from its proper i rritabil ity,its essential 
constitution as living matter. From the facts there is but 
one legitimate conclusion, that life is a property of proto- 
plasm." Beale, however, will not allow that life is "a 
property" of protoplasm. "It cannot be a property of 
matter," he says, " because it is in all respects essentially 
different in its actions from all acknowledged properties of 
matter." But the properties of bodies are only the char- 
acters by which we differentiate them. Two bodies having 
the same properties would only be two portions of the same 
substance. Because life, therefore, is unlike other prop- 
erties of matter, it by no means follows that it is not a 
property of matter. No dictum is more absolute in science 
than the one which predicates properties upon constitution. 
To say that this property exhibited by protoplasm, marvel- 
lous and even unique though it be, is not a natural result 
of the constitution of the matter itself, but is due to an un- 
known entity, a tertium quid, which inhabits and controls 
it, is opposed to all scientific analogy and experience. To 
the statement of the vitalist that there is no evidence that 
life is a property of matter, we may reply with emphasis 
that there is not the slightest proof that it is not. 

Chemistry tells us that complexity of composition in- 
volves complexity of properties. The grand progress which 
Organic Chemistry has made in recent times has been ow- 
ing to the distinct recognition of the influence of structure 
upon properties. Isomerism is one of its most significant 
developments. The number of possible insomers increases 
enormously with the complexity of the molecule. Granted 
that we now know several of the proteid group of substancs : 
how many thousand may there be yet to know? Bodies of 
such extreme complexity of constitution may well have an 
indefinite number of isomers. Not only does chemistry not 
say that there cannot be such a thing but she encourages 
the expectation that there will be yet found the precise 
proteid of which the changes of protoplasm are properties. 
The rapid march of recent organic synthesis makes it quite 
certain that every distinct chemical substance of the living 
body will ultimately be produced in the laboratory ; and 
this from inorganic materials. Given only the exact con- 
stitution of a compound, and its synthesis follows. When, 
therefore, the chemist shall succeed in producing a mass 
constitutionally identical with protoplasmic albumin, there 
is every reason to expect that it will exhibit all the pheno- 
mena which characterize its life ; and this equally whether 
protoplasm be a single substance or a mixture of several 
closely allied substances. 

But here a word should be said concerning a remark- 
able physical condition assumed by matter in organ- 
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ized beings. Graham, in 1862, drew the sharp line 
which separates colloid from crystalloid matter. " His 
researches have required," says Maudsley, " a change 
in our conception of solid matter. Instead of the no- 
tion of inert impenetrable matter, we must substitute the 
idea of matter which in its colloidal state is penetrable, 
exhibits energy, and is widely susceptible to external 
agents. This sort of energy is not a result of chemical ac- 
tion, for colloids are singularly inert in all ordinary chem- 
ical relations, but is a result of its unknown molecular 
constitution ; and the undoubted existence of colloidal 
energy in organic substances, which are usually considered 
inert and called dead, may well warrant the belief of its 
larger and more essential operation in organic matter in 
the state of instability of composition in which it is when 
under the condition of life. Such energy would then suf- 
fice to account for the simple uniform movements of the 
homogeneous substance of which the lowest animal con- 
sists, and the absence of any differentiation of structure is 
a sufficient reason for the absence of any localization of 
any function and of the general uniform reaction to local 
impressions." Graham himself says: "the colloidal state 
may be looked upon as the probable primary source of the 
force appearing in the phenomena of vitality." The col- 
loidal condition of the dynamical state of matter ; the crys- 
talloidal the static. The former, which is the rule in the 
organic kingdom of nature, is the exception in the inor- 
ganic. Aluminum and ferric hydrates, silicic acid and a 
few other inorganic substances, exist in the colloid condi- 
tion. From analogy there would seem to be but little 
doubt that the colloid state of these bodies differ from their 
crystalloid state merely in the size of the molecule. In 
other words opal, which is colloid silica, is a polymer of 
quartz. If this theory be true there can be no doubt of the 
vastly greater complexity of a colloidal proteid molecule 
than of a crystalloid one. Now it is a very significant fact, 
in this connection, that not a single organic colloid has 
ever been synthesized. Gelatin, which is one of the best 
examples of a colloid, has a comparatively simple structure. 
And, although Gibbs showed, many years ago, that gelatin 
was probably an amido-derivative of the sugar group, yet 
no inverse process has yet given us this substance. That 
matter in the crystalloid and colloid forms may be chemi- 
cally identical, differing only in the size of its molecule, 
may be quite possible. But it is also possible that the dif- 
ference may be a physical one. To produce the colloid 
state from the crystalloid is by no means beyond the power 
of science. We qualify our previous statement then only 
so far as to say that when the chemist produces a body in 
the colloidal form, having the identical constitution of pro- 
toplasm, there is every reason to believe that it will have 
the properties of protoplasm. 

The important question now arises whether, since the 
protoplasm of animals is identical with that of vegetables, 
and the latter is the food of the former, any protoplasm 
whatever is vitalized by the animal as such. That this iden- 
tity exists would seem satisfactorily established. Though 
the protoplasm of vegetables is enclosed within a cellulose 
bag, it is only a closely imprisoned rhizopod. In the Ni- 
tella, it shows all its characteristic irritability, and from 
Vaucheria it escapes to exhibit all its amoeboid movements. 
Spores swim about by cilia or flagella, and the cell division 
of the one kingdom is the same as that of the other. In 
plants, however, protoplasm seems to be associated with 
chlorophyll, whose function was for a long time supposed 
to be to decompose carbon dioxide under the influence of 
sunlight. But Draper in 1843, showed that this decomposi- 
tion took place before the chlorophyll was formed. Recent 
researches have shown that the function of chlorophyll is 
wholly protective. The assimilative power of the proto- 
plasm reaches its maximum in the orange and yellow rays. 
Now Bert has shown that the absorption band in the chlor- 
ophyll spectrum is in the exact position of this maximum. 
Hence, Gautier believes that this substance acts as a regu- 
lator of plant respiration, the greater or less amount of lu- 
minous energy thus absorbed and transformed, being util- 
ized by the protoplasm and stored up. Growth and cell- 
division, however, are independent of orange light, and 
hence of chlorophyll. In the higher plants, these functions 
are performed by a separate and deep-lying set of cells. 
But in the lower, the same cell discharges both functions, 



assimilation going on in it during the day. and growth 
chiefly at night, Sachs had already proved that the maxi- 
mum growth of plants takes place just before daylight and 
the minimum in the afternoon. This retarding action of 
sunlight upon growth is as curious as it is unexpected. It 
now appears that in orange light plants assimilate — absorb 
carbon dioxide and evolve oxygen — but do not grow — are 
not heliotropic ; while in blue light they are heliotropic but 
do not give off oxygen. Chlorophyll, however, is not con- 
fined to vegetables ; infusoria, hydras, and certain planarian 
worms are green from the presence of this substance, and 
Geddes has shown that such animals, placed in the sunlight, 
give off a gas which is more than half oxygen. These cells, 
moreover, contain starch granules. 

A still more striking evidence of this intimate relationship 
has been developed by Darwin, in his researches upon in- 
sectivorous plants. Not only do these plants possess a me- 
chanism for capturing insects, but they secrete a gastric 
juice which digests them. Nageli has shown the presence 
of pepsin in yeast cells, and attention has lately been called 
by Wurtz and others to the juice of the Carica papaya which 
contains a pepsin-like substance capable of peptonizing fibrin 
completely. Moreover, there is the closest similarity be- 
tween diastase and ptyalin ; and the milk of the cow-tree, 
recently examined by Boussingault and found to resemble 
cream closely in composition, shows the presence of an 
emulsifying agent in the vegetable kingdom analogous to 
pancreatin in the animal. 

Another most curious proof of the indentity of animal and 
vegetable protoplasm has been given by Claude Bernard, 
who has shown that both are alike sensitive to the influence 
of anaesthetics. A sensitive plant exposed to ether no longer 
closed its leaflets when touched. Assimilation and growth, 
as well as germination, are arrested by chloroform. The 
yeast plant when etherized no longer decomposes sugar to 
produce alcohol and carbon dioxide ; while the inversive 
and non-vital ferment still acts to convert the cane-sugar into 
glucose ; precisely as under these circumstances, the dias- 
tasic ferment converts the starch of the seed into sugar. 
By arresting anaesthetically the process by which carbon 
dioxide is absorbed and oxygen evolved, the true respira- 
tory process, being less effected, now appears ; and Schut- 
zenberger has proved that the fresh cells of the yeast plan 
breathe like an aquatic animal. 

It would seem then that the protoplasmic life of animals 
is identical with that of plants ; a certain measure of destruc- 
tive metamorphosis taking place in each, evolving energy 
and producing carbon-dioxide and water. When, however, 
this function is examined quantitatively, its maximum is 
seen to be reached in the animal. While the assimilative 
function characterizes the plant, the destructive function 
distinguishes the animal. Hence it is the function of the 
plant to store up energy, to produce the highly complex 
protoplasm. This, consumed by the animal as his food, 
continues his existence as a living being, the energy gradu- 
ally set free by its successive steps of retrogressive meta- 
morphosis, appearing as the work which he performs. If 
this view be correct, it would follow that every individual 
substance found in the animal — save only those which re- 
sult from degredation — must be found in the plant upon 
which it feeds, and this is the fact. The myosin which 
Kiihne has shown to be the distinctive proteid of muscle, 
Vines has found in the aleuron grains of the lupine and the 
castor oil plant, along with vitellini the special proteid of 
the vitellus. The researches of Weyl & Bischoffhave proved 
that gluten is formed in the dough of wheat flour by the ac- 
tion of a ferment upon the globulin-substance or plant-myo- 
sin which it contains, precisely as Hammarsten has shown 
fibrin is produced in the action of a similar ferment upon 
fibrinogen. Not only this ; Hoppe Seyler has extracted 
from maize the identical substance which has been shown 
by Liebriech to be the essential chemical constituent of nerve 
tissue, protagon. 

The evidence then would seem conclusive that, since the 
protoplasm of the animal and the vegetable kingdoms is 
identical, the former in all cases being derived from the 
latter, the animal as such neither produces nor vitalizes any 
protoplasm. Two inferences seem naturally to follow from 
this conclusion : 1st, that all the properties of animal proto- 
plasm, and of the animal organism of which it constitutes 
the essential part, must have a previous existence in the 
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plant ; 2d, that hence the solution of the life-question in the 
Myxomycetes will solve the life-problem for the highest 
vertebrate. 

Another consideration which must not be left out of the 
account in any discussion of the life-question is the potent 
influence of environment. Ordinary examples of this in- 
fluence pass before our eyes every day. Heat necessitates 
the germination of the seed, and light causes the plant to 
grow. Gravity obliges its root to grow downward and its 
stem to ascend. Certain sensations from without excite in- 
evitably muscular contraction ; and a ludicrous idea may 
provoke laughter in defiance of the will. Epidemic and 
epizootic diseases show the dependence of function upon 
external conditions, and the germ theory demonstrates the 
utter disproportionality of the cause to the effect. The re- 
markable similarity in the periodicity observed between sun- 
spots and the weather has been extended to include the ap- 
pearance of locusts and the advent of the plague. Even the 
body politic feels its influence, Jevons having established a 
coincident periodicity for commercial crises. 

The modern theory of energy, however, puts this influ- 
ence in a still stronger light. As defined hitherto; energy 
is either motion or position ; is kinetic or potential. En- 
ergy of position derives its value obviously from the fact 
that in virtue of attraction it may become energy of motion. 
But attraction implies action at a distance ; and action at a 
distance implies that matter may act where it is not. This 
of course is impossible ; and hence action at a distance, and 
with it attraction and potential energy, are disappearing 
from the language of science. But what conception is it 
which is taking its place ? By what action does the sun 
hold our earth in its orbit ? The answer is to be found in 
the properties of the ether which fills all space. The ex- 
istence of this ether, the phenomena of light and electricity 
abundantly prove. While so tenuous that Astronomy has 
been taxed to prove that it exerts an appreciable resist- 
tance upon the least of the celestial bodies, its elasticity is 
such that its transmits a compression with a well nigh in- 
finite velocity. On the one hand, Thomson has deter- 
mined its inferior limit, and finds that a cubic mile of it 
would weigh only one thousand-millionth of a pound ; on 
the other, Herschel has calculated that, if an amount of it 
equal in weight to a cubic inch of air be enclosed in a cubic 
inch of space, its reaction outward would be upward 'of 
seventeen billions of pounds. Instead of being represented 
as is our air, by the pressure of a homogeneous atmosphere 
fiye miles in height, such a pressure would represent just 
such a homogeneous atmosphere five and a half billions of 
miles high, or about one-third the distance to the nearest 
fixed star ! In Herschel's own words : " Do what we will, 
adopt what hypothesis we please, there is no escape in 
dealing with the phenomena of light, from these gigantic 
numbers, or from the conception of enormous physical 
force in perpetual exertion at every point throughout all 
the immensity of space." 

Now, as Preston has suggested, if we regard this ether as 
a gas, defined by the kinetic theory that its molecules move 
in straight lines, but with an enormous length of free path, 
it is obvious that this ether may be clearly conceived of as 
the source of all the motions of ordinary matter. It is an 
enormous storehouse of energy, which is continually pass- 
ing to and from ordinary matter, precisely as we know it to 
do in the case of radiant transmission. Before so simple a 
conception as this, both potential energy and action at a 
distance are easily given up. All energy is kinetic energy, 
the energy of motion. In a narrower sense, the energy of 
matter-motion is ordinary kinetic energy ; the energy of 
ether-motion, which may become matter-motion, fills the 
conception of the older potential energy. Giving now to 
the ether its storehouse of tremendous power, and giving 
to it the ability to transfer this power to ordinary matter 
upon opportunity, and we have an environment compared 
with which the strongest steel is but the breath of the sum- 
mer air. In presence of such an energy it is that we live 
and move. In the midst of such tremendous power do we 
act. Is it a wonder that out of such a reservoir the power 
by which we live should irresistibly rush into the organism 
and appear as the transmuted energy which we recognize 
in the phenomena of life ? Truly, as Spinoza has put it, 
" Man thinks himself most free when he is most a slave." 

Such now are some of the facts and fancies to be found 



in the science of to-day concerning the phenomena of life. 
Physiologically considered, life has no mysterious pass- 
ages, no sacred precincts into which the unhallowed foot 
of science may not enter. Research has steadily diminish- 
ed day by day the phenomena supposed vital. Physiology 
is daily assuming more and more the character of an ap- 
plied science. Every action performed by the living body 
is sooner or later to be pronounced chemical or physical. 
And when the last vestige of the vital principle shall dis- 
appear, the word " Life," if it remain at all, will remain to 
us only to signify, as a collective term, the sum of the phe- 
nomena exhibited by an active organized or organic being. 

I cannot close without speaking a single word in favor 
of a vigorous development in this country of physiological 
research. What has already been done among us has been 
well done. I have said with diffidence what I have said in 
this address, because I see around me those who have 
made these subjects the study of their lives, and who are 
far more competent to discuss them than I am. But the la- 
borers in the field are all too few, and the reasons therefor 
are not far to seek. One of these undoubtedly is the high 
scientific attainment necessary to a successful prosecution 
of this kind of investigation. The physiological student 
must be a physicist, a chemist, an anatomist and a physiol- 
ogist all at once. Again, the course of instruction of 
those who might fairly be expected to enter upon this work 
— the medical students of the country — is directed toward 
making them practitioners rather than investigators. In 
the third place the importance of- physiological studies in 
connection with zoological research is only beginning in 
this country to receive the share of attention it deserves. 
I well remember the gratification I experienced in 1873 
upon receiving a letter from Professor Louis Agassiz, ask- 
ing me to give some lectures at Penikese upon physiologi- 
cal chemistry ; a new departure for those times. In this 
view of the case it seems very appropriate that a new sub- 
section of this Association should be just now in process of 
formation. We welcome warmly the body of men who form 
it, and we predict that from the new subsection of Anatomy 
and Physiology most valuable contributions will be re- 
ceived for our proceedings. 

It is a beautiful conception of science which regards the 
energy which is manifested on the earth as having its origin 
in the sun. Pulsating awhile in the ether-molecules which 
fill the intervening space, this motion reaches our earth 
and communicates its tremor to the molecules of its matter. 
Instantly all starts into life. The winds move, the waters 
rise and fall, the lightnings flash and the thunders roll, all 
as subdivisions of this received power. The muscle of the 
fleeing animal transforms it in escaping from the hunter 
who seeks to use it for the purpose of his destruction. 
The wave that runs along that tiny nerve-thread to apprise 
us of danger transmutes it, and the return pulse that re- 
moves us from its presence is a portion of it. The groan 
of the weary, the shriek of the tortured, the voiced agony 
of the babeless mother, all borrow their significance from 
the same source. The magnificence of the work of a Leo- 
nardo da Vinci or a Michael Angelo ; the divine creations 
of a Beethovan or a Mozart ; the immortal Principia of a 
Newton and the Mechanique Celeste of a Laplace — all 
had their existence at some point of time in oscillations of 
ether in the intersolar space. But all this energy is only 
a transitory possession. As the sunlight gilds the moun- 
tain top and then glances off again into space, so this 
energy touches upon and beautifies our earth and then 
speeds on its way. What other worlds it reaches and vivi- 
fies, we may never know. Beyond the veil of the seen, 
science may not penetrate. But religion, more hopeful, 
seeks there for the new heavens and the new earth, wherein 
shall be solved the problems of a higher life. 



The recent artificial production of the diamond is closely 
followed by an interesting synthesis, by M. de Schulten, re- 
sulting in the mineral analcine. On heating a solution of 
silicate of soda or caustic soda, in presence of an alumi- 
nous glass, to a temperature of 190° C. (374° F.) in a closed 
vessel, during forty-eight hours, small but very perfect 
transparent crystals, imbedded in gelatinous silica, were 
formed on the walls of the tube. They answer in every 
respect to the mineralogical characteristics of analcites. 



